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Background: Positional plagiocephaly has garnered increased research interest
since the introduction of the Back to Sleep campaign in the 1990s, and the sub-
sequent increase in infants with cranial deformity. Research has focused on treat-
ment outcomes and developing new modalities to address asymmetric heads. Little
attention has been given to the cost of treatment and diagnosis. This study aimed
to summarize the literature and provide an overview of the costs associated with a
diagnosis of positional plagiocephaly.

Methods: A literature review was performed by searching PubMed and Ovid
Embase to identify studies pertaining to the “cost” of plagiocephaly diagnosis
or treatment through direct financial factors, disturbance to daily routines (ie,
through treatment prolongation), or related stress.

Results: Twenty-nine peer-reviewed studies were included. Treatment options for
plagiocephaly are stratified by severity and age of diagnosis, with different pathways
available to treat different stages of asymmetry. The common factor across all treat-
ment modalities is that earlier diagnosis unequivocally leads to better aesthetic out-
comes and shorter treatment times. This leads to lower costs for treatment, a lower
stress burden for parents, and lower costs for the healthcare system in the future
through reduction of long-term effects. Our theoretical cost model suggests that
early diagnosis at 4 months can lead to a treatment cost of $1495, when compared
with $5195 for detection of deformity at or after 6 months.

Conclusion: The dramatic cost disparity between early and late diagnosis high-
lights the need for reliable methods to accurately detect cranial deformity early
in an infant’s life. (Plast Reconstr Surg Glob Open 2022;10:e4328; doi: 10.1097/
GOX.0000000000004328; Published online 16 May 2022.)

40%.*"* Caused primarily by prolonged external force to

It is well established that humans have an aesthetic
preference for symmetry.! Unsurprisingly then, parents
express concern over perceived asymmetry in their chil-
dren’s heads. Unfortunately, the incidence of such asym-
metries has been on the rise since the 1990s. Following
the introduction of the Back to Sleep campaign, designed
to combat sudden infant death syndrome, the prevalence
of positional plagiocephaly in infants has risen to above
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the developing skull, positional plagiocephaly is character-
ized by visible cranial deformity and associated facial asym-
metry.” Cranial shape can be affected along a spectrum of
locations and severities; in the case of the Back to Sleep
campaign, infants spend too much time in the supine
position, leading to occipital flattening and frontal boss-
ing.%” Mild plagiocephaly will typically present as a slight
occipital flattening, while moderate and severe deformi-
ties progressively lead to more pronounced occipital flat-
tening (localized to one side or bioccipitaly), the addition
of frontal bossing, and ipsilateral ear shift as the head takes
on a more “parallelogram” like shape. Additional risk
factors for positional plagiocephaly include prolonged/
frequent time in swings or car seats, delayed motor devel-
opment, and obesity; asymmetric cranial molding can also
occur in utero or during birth.*'?

Independent pathologies may accelerate the develop-
ment of positional preferences and resultant plagioceph-
aly; one study reported torticollis as a clinical finding in
more than 90% of infants diagnosed with positional pla-
giocephaly.”” Despite the primary concern with positional
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plagiocephaly being aesthetic, there are concerns for long-
term effects when the condition is left untreated. These
include orthodontic problems in permanent dentition,
visual field restriction, jaw asymmetry, muscular problems,
and stigma later in life.'""* Positional plagiocephaly is not
traditionally thought to affect cognitive development,
though studies have shown that it can be associated with
decreased cognitive and academic measures as severity
increases.'”

Infantile screening for cranial deformity is a standard
part of well-baby check-ups to ensure healthy develop-
ment. In many cases, no intervention is needed to correct
the deformity; as infants gain control of head movement,
cranial shape often normalizes.""'® The clinical treat-
ment pathways to manage plagiocephaly are the source
of considerable debate, but the value of early diagnosis in
managing the condition is well accepted. Cranial sutures
start to fuse at 6 months of age, and initiation of treat-
ment before this milestone is crucial to obtaining good
clinical outcomes.'’ Despite acceptance of early diagnosis
as an important clinical goal, little research has been done
to evaluate the cost benefit of an early plagiocephaly diag-
nosis. This review aimed to summarize the evidence for
a reduced cost burden when positional plagiocephaly is
diagnosed and treated earlier in life.

Fig. 1. Occipital flattening, frontal bossing, and ipsilateral ear shift
are the hallmark manifestations of deformational plagiocephaly,
becoming more pronounced as severity increases. Clinically, this
progression is divisible into mild (A), moderate (B) and severe (C)
plagiocephaly.
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Takeaways

Question: What is the cost burden of a positional pla-
giocephaly diagnosis in infants, and can it be lowered
through earlier diagnosis?

Findings: We conducted a literature review of studies
pertaining to the cost of a plagiocephaly diagnosis and
subsequent treatment. Significant evidence was found to
suggest that earlier diagnosis lowered the financial cost of
treatment, decreased the emotional and logistical burden
on parents, and improved clinical outcomes.

Meaning: Developing new tools to support earlier diagno-
sis of positional plagiocephaly in infants would allow us to
reduce the cost of the diagnosis and the burden placed on
parents and the healthcare system.

METHODS

A literature review was performed by searching
PubMed and Ovid Embase for relevant studies using
the search terms “plagiocephaly” AND (“treatment” OR
“diagnosis” OR “cost”). Article titles and abstracts were
reviewed to ensure they provided information pertain-
ing to the “cost” of plagiocephaly diagnosis or treatment
through direct financial factors, disturbance to daily rou-
tines (ie, through treatment prolongation), or related
stress. Additional articles were screened from cited refer-
ences. Only English language articles were included.

RESULTS

The search returned 636 results. Following individual
title and abstract review, 29 articles were included in the
review and analyzed for relevant content. Collected data
were synthesized into dominant themes to present a com-
prehensive review of the literature and to compile evi-
dence on the benefits of earlier diagnosis in plagiocephaly
patients.

CLINICAL MANAGEMENT

Clinical management of cranial deformity is typically
stratified by severity, with multiple modalities available to
treat varying degrees of plagiocephaly. Treatment strate-
gies are further broken down into passive (repositioning)
and active (physiotherapy, cranial remolding therapy, and
surgery) modalities. Upon initial observation of asymme-
try or deformity by the parents or the pediatrician, the
first-line treatment plan is simple repositioning and an
increase in tummy time for the infant to decrease pressure
on the affected side of the skull.""*"*! As plagiocephaly is
often accompanied by congenital muscular torticollis,
physical therapy is also indicated, with a focus on support-
ing musculoskeletal development and manipulating tissue
to relieve strains causing cranial deformity.'"**** Surgery
for release of muscular torticollis is occasionally indicated
for cases resistant to physical therapy, and generally only
after 12 months of age. From the age of 4-6 months, treat-
ment is guided by severity. Infants affected by mild-to-
moderate plagiocephaly (Fig. 1A, B) will be treated with
repositioning and/or physical therapy, whereas infants
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showing severe positional plagiocephaly (Fig. 1C) will
often be referred to an orthotic specialist or a craniofa-
cial team to initiate helmet therapy.”'"** Although its use is
not universally accepted in the literature, helmet therapy
has been shown to correct asymmetry more efficiently
than repositioning alone.'” By the age of 6 months, chil-
dren with persistent, significant plagiocephaly that did
not respond to conservative treatments are frequently
sent for helmet therapy, as well as moderate-to-severe
cases that present late (at or after 6 months).”'"* Later
initiation of helmet therapy treatment generally decreases
the improvement in cranial symmetry. Although helmet
therapy can have some beneficial effects even at advanced
ages (eg, after 10 months), substantial decreases in cra-
nium and cranial suture plasticity, as well as the decreased
rate of brain growth after 12 months of age, lead to much
poorer treatment outcomes than in those who initiate
treatment early.”***’

Cohort data for repositioning therapy recommend that
infants get at least 10-15 minutes of supervised tummy
time three times per day.” As the definite first-line treat-
ment for cranial deformity, repositioning has the poten-
tial to significantly improve head shape without resorting
to active treatment.'"?*?! Repositioning redistributes the
repetitive forces that may be applied to an infant’s head
while they sleep to encourage natural correction of the
asymmetry. Repositioning can be prescribed by pediatri-
cians and family physicians while requiring minimal effort
on behalf of the infant’s caretakers. It is preferable to
“watchful waiting” and does not require additional special-
ist follow-up, which can be inconvenient and costly to the
family.*

Physical therapy treatment approaches to plagioceph-
aly are still heavily debated. Although its effectiveness at
correcting cranial deformity is well documented, there
is a lack of consensus for a singular effective treatment.”
One study by Di Chiara et al saw success with a standard-
ized regimen of 16 weekly 40-minute physical therapy
sessions.” With the US national cost of physical therapy
averaging to $75, Di Chiara’s standardized treatment plan
would entail a cost of approximately $1200, of which a
variable amount may be covered depending on the type of
insurance coverage a family has. Thus, the out-of-pocket
cost borne by patients and their families can vary widely.”

The American Association of Physical Therapy recom-
mends that patients fitted with cranial orthoses receive fol-
low-up 1 week after fitting and every 2 weeks thereafter.”
Certain orthotics, such as the DOC Band, require adjust-
ment every week.” Usually ranging from $1500 to $3000,
the cost of the cranial orthotic typically includes the hel-
met and required follow-ups for helmet adjustments. Most
cranial orthotics “grow” with the infant, thanks to progres-
sive and planned removal of the foam lining the orthotic.™
However, significant cranial growth can necessitate the
need for a second, and sometimes third, orthotic.”” As with
physical therapy, insurance coverage for helmet therapy is
variable; the true cost of treatment will need to be assessed

on a case-by-case basis.'' In the United States, caregivers
for affected infants had to cover costs themselves in 45.1%
of cases. Of those that could submit the costs of helmet
therapy to health insurance, 36.1% reported conflicts
with the health insurance company regarding the refund
of costs.” Third party insurance companies often refuse
to cover treatment for positional plagiocephaly, arguing
that the deformity is purely cosmetic and that active treat-
ments (like helmet therapy) are not substantially better
than parental repositioning.'”” One study by Lam et al
analyzed the degree of treatment compliance according
to patient subgroups and found that families with public
insurance were less likely to adhere to the recommended
treatment than families with private insurance (80.2% ver-
sus 89.6%).%® The authors do not discuss the cause, but
one possibility is a lack of coverage for required follow-ups.
The consensus is that coverage for low-income Americans
is insufficient to support multivisit treatment plans, which
considerably affects treatment accessibility and can lead
to the development of more severe deformities in low-
income households.” This phenomenon has previously
been well documented for medication nonadherence in
low-income uninsured patients with chronic conditions.”
Furthermore, Junn et al recently reported that patients
on Medicaid were 1.30 times more likely to have delayed
presentation for helmet therapy consultation than those
with commercial insurance, whereas patients in the high-
est and second highest income quartiles were respectively
1.55 and 1.45 times more likely to receive helmet therapy
following consultation.*” These findings further highlight
the clear diagnosis and treatment discrepancies found in
different socioeconomic strata.

Initial detection of cranial deformity is usually noted
in the third or fourth month of life by the child’s parents
or pediatrician. A conclusive diagnosis can be expected
to be made within a month of the initial detection, with
rapid initiation of preclinical passive treatment measures
(ie, repositioning). Initial presentation of infants with a
cranial deformity to craniofacial specialists is not until
almost six months of age (average 5.8 month), with an
average delay of 3.33 months between the initial recog-
nition of deformity and first specialist presentation.”
Kluba et al suggest that this places increased pressure on
parents to make an immediate decision, as the outcomes
of treatment modalities such as helmet therapy are heav-
ily reliant on early initiation of a treatment regimen."'
Personal strain on caregivers is rarely considered in the
literature, but represents an important component of
the burden of diagnosis. Increased caregiver stress lev-
els can play a significant role in the degree of treatment
compliance (and thereby treatment efficacy). A distinct
study by Kluba et al evaluated factors related to poor
treatment compliance.” They discovered that more than
80% of parents had been affected by treatment related
issues; the most commonly cited were financial cost,
disputes with health insurance, concern for the child,
time spent bringing the child to and from the clinic, and



social conflicts.”® Martiniuk et al reported that in their
survey, parents of a child with moderate-to-severe plagio-
cephaly expressed sadness that they had not addressed
the flat head sooner and felt sorry for their child when
they were forced to wear an orthotic helmet around the
clock; typical regimens require the child to wear the hel-
met 23 hours a day, every day, for months at a time."*"
Importantly, helmet therapy has been shown to not affect
infant quality of life.” Discrepant and unclear clinical
pathways for plagiocephaly form an additional source
of parental emotional burden. As physicians are not in
agreement on the most appropriate treatment paths for
cranial deformity, parents can be confused by potentially
contradicting information.

The true cost of a diagnosis is measured by a combi-
nation of financial factors, disturbance to daily routines,
and related stress. Prolonged treatments cause greater
upset in the lives of patients’ families as they continue to
bear the burden of care. As the numbers of plagiocephaly
patients rise, it becomes ever more important to optimize
the treatment pathway for these patients.” Table 1 illus-
trates the theoretical financial and clinical outcome dis-
parity between early diagnosis with successful physical
therapy treatment and late diagnosis with unsuccessful
physical therapy requiring subsequent conversion to hel-
met therapy'22,f'>5,44,4:’7

Research into effective physical therapy programs is
crucial to the optimization of multidisciplinary treatment.
The literature shows that age and degree of severity are
essential factors in determining treatment duration and
outcomes for patients diagnosed with plagiocephaly. Di
Chiara et al reported that their physical therapy program
led to positive improvements in 58.3% of the population
for the Cranial Proportional Index/Cephalic Ratio and
70.8% for the cranial vault asymmetry index (CVAI), with
the highest rate of improvement found in infants under
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the age of 8 months.** Specifically, they noted that almost
all reference measurements were most improved in infants
aged 5-8 months, with no significant difference in treat-
ment efficacy between infants aged 1-4 months and 5-8
months.?” Van Vlimmeren et al’s randomized control trial
returned similar results; the occurrence of severe defor-
mational plagiocephaly in infants that underwent physical
therapy was reduced by 46% and 57% at 6 and 12 months
of age, respectively.”

Physical therapy plays a further role supplementing
less conservative techniques. In a study by Steinberg et al,
complete correction of cranial deformity was achieved in
77.1% of conservative treatment patients (repositioning
+ physical therapy); 15.8% required transition to helmet
therapy, and 7.1% ultimately had incomplete correction.”
Furthermore, complete correction was achieved in 94.4%
of patients treated with helmet therapy as first-line ther-
apy and in 96.1% of infants who received helmets after
failed conservative therapy.” The authors found that the
risk of failure for both conservative and helmet molding
therapies increased with age; the younger than 3 month,
3-6 month, 6-9 month, and older than 12 month age
categories demonstrated progressively increasing failure
rates.” Conservative therapy was two times more likely to
fail at older than 12 months when compared with younger
than 3 months, and helmet therapy was greater than three
times more likely to fail with the same age groups.”

Several studies have made recommendations for an
ideal helmet therapy start date for plagiocephaly patients.
Han et al found that initiation of helmet molding therapy
between the ages of 3-5 months yielded consistent results,
but that initiation beyond 6 months led to significantly
decreased rates of CVAI improvement and significant
increases in duration of therapy.** Han et al further dem-
onstrated that starting helmet therapy at 3 months could
as much as halve treatment times compared with their
8-month-old initiation group.* In a study by Hinken et
al, the average CVAI improvement with helmet therapy
decreased by 36% between the 4-6 month group and the

Table 1. Cost Model of Early versus Late Diagnosis of Positional Plagiocephaly

Final
Age (Mo) 4 4.5 6 6.5 7 8 15 Cost
Early diagnosis Confirmation of Initiation of Physical — Craniofacial Physical therapy — —
moderate physical therapy is specialist confirms treatment
plagiocephaly by therapy improv- plagiocephaly, completed
pediatrician at well- (16 weekly ing cranial physical therapy is with accept-
baby visit, initiation  sessions of  deformity improving cranial able cor-
of repositioning 40min) deformity rection of
deformity
Cost $95 $1200 — — $200 — — $1495
Late diagnosis — — Confirmation Initiation of Craniofacial Helmet therapy Conclusion —
of moderate physical specialist confirms ~ initiated; of helmet
plagio- therapy plagiocephaly, average therapy,
cephaly by (12 weekly  physical therapy is treatment <20% chance
pediatri- sessions of  unsuccessful, requires 2 for complete
cian atwell 40 min) recommends helmets correction of
baby visit, helmet therapy deformity
initiation of
reposition-
ing
Cost — — $95 $900 $200 $2000x2 hel- — $5195

mets




Watt et al. * Cost of Positional Plagiocephaly

7-9 month group.”® Graham et al concurred reporting that
both treatment duration and treatment outcomes were
improved by earlier initiation of cranial molding therapy."
Finally, Kluba et al’s study resulted in infants less than 6
months old having 4 week shorter helmet therapy treat-
ment time and greater reduction of asymmetry than those
in the more than 6 months group.”” Furthermore, the aver-
age infant in the more than 6 month group was not able
to achieve normal values for CVAI, which were attained by
the younger group.”” Importantly, decreased effectiveness
does not invalidate the commencement of therapy at an
advanced age. Several studies have shown that although
failure rates are higher and treatment duration increases,
therapy can still have a positive effect on head shape.***’

In addition to early diagnosis, a high degree of treat-
ment compliance is essential to obtaining positive clini-
cal outcomes. For infants undergoing orthotic helmet
therapy, this can mean wearing the helmet up to 23 hours
per day, while patients prescribed active repositioning
depend on a high degree of treatment compliance for
parents following standard instructions.”® Physiotherapy
also typically requires multiple visits, requiring commit-
ment from the parents to bring their children to and from
appointments.*

CONCLUSIONS

Early identification of positional plagiocephaly plays an
important role in lowering the monetary and intangible
costs of the diagnosis. Earlier diagnosis has been proven
to lead to better outcomes and reduced treatment times,
as well as an increased likelihood of compliance with the
treatment regimen. Furthermore, the intangible implica-
tions of prolonged treatment time due to delayed diagnosis
significantly increases the burden on parents, through an
increased number of specialist visits, increased likelihood
of helmeting, and prolonged emotional strain from caring
for the child. The resultant financial and resource burden
placed on caregivers and/or the healthcare system is dem-
onstrated in our modeled early versus late diagnosis treat-
ment pathways. In the future, research should be directed
at accessible tools that may facilitate early diagnosis of pla-
giocephaly across all socioeconomic demographics to miti-
gate the avoidable consequences of late detection.
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